Primary tumors of the rat kidney are uncommon (0.05%) and are most often seen in older rats. Nephroblastoma is the most commonly diagnosed tumor, but benign and malignant tumors of epithelial cell and mesenchymal cell origin occur. Lipomatous tumors are occasionally seen, especially in aged rats, and are controversial lesions. They have been variously classified in the literature in lipomas, liposarcomas, and lipomatous hamartomas. In my experience, the range of diagnoses has also included post-inflammatory change and lipidosis. The lipomatous tumors are the focus of discussion for the purpose of defining criteria for the various diagnostic categories. The implications of these diagnostic categories for safety assessment are also discussed.
INTRODUCTION
Over the years, there has been considerable disagreement about the nomenclature of the space-occupying fatty lesions in the kidney of the rat. In the literature, and within the same laboratory, pathologists' diagnoses vary greatly from lipoma to liposarcoma to lipomatous hamartoma (2, (4) (5) (6) 11) . Diagnoses vary because the origin of the fat cells is unknown and even though some tumors may be pleomorphic and infiltrate extensively, metastases are rare. Therefore, the purpose of this paper is to reiterate the well documented histologic appearance of these lesions, to propbse some criteria for differentiating lipoma from liposarcoma, and to discuss the pros and cons of using terms such as choristoma or hamartoma for these lesions, especially in carcinogenicity studies. All of the lesions described in this report occurred spontaneously in aging CD S/D rats. However, as there is a report ofone small study that suggests that these types of lipomatous lesions may be associated with experimental treatment (lo), for risk assessment it is important to make guidelines that are helpful in deciding whether a lesion belongs in a tumor or non-tumor category.
METHODS
The rats in this report were Crl:CD(SD)BR, hereafter referred to as CDS/D, supplied by Charles River Breeding Laboratories, Wilmington, Massachu- 
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setts. All rats were housed individually in wire mesh cages in temperature controlled clean air rooms and fed certified Purina rodent chow and water ad libitrun. Twenty-one lipomatous renal tumors from approximately 16 two-year carcinogenicity studies were examined as a basis for this report.
Although only 5 of the 21 tumors were from control groups, none were from studies in which there were treatment-related renal tumors. Also, the overall incidence of these tumors was 0.1% in both the control (8,424 rats) and treated animals (1 3,893 rats). The median age of rats with the lipomatous tumors was 104 weeks (70-1 10 weeks).
Description of Lesiotis
Twenty-one renal Iesions in CD SID rats that were diagnosed as lipoma, liposarcoma, and lipomatous hamartoma served as the basis for this-paper. In general the tumors were thought to be slow-growing but were not seen in rats less than 2 years old. They were seen at scheduled necropsy as incidental changes rather than as a cause of death before the end of a study, so the rate of growth is not knoivn.
Lipotnacs. Of the 21 tumors, 14 were lipomas; 6 occurred in females and 8 in males. They were diagnosed at an average age of 97 weeks (70-109 weeks). These lipomas commonly appeared in the outer medulla and were first noticed as microscopic aggregations of mature fat cells without pleomorphism (Fig. 1) . In some lipomas there were lipoblasts which had large central nuclei and small vacuoles in eosinophilic cytoplasm. Some had conspicuous dilated tubules deep in the tissue, with li- poblasts sometimes appearing to grow around them. There was little distortion of the normal renal architecture ( Fig. 2) in 8 of the 14 lipomas, because of the small size and because the fat cells at the edges of the lipoma frequently separated (Fig. 3 ) rather than compressed tubules and glomeruli. In some cases, tubules and glomeruli were widely and evenly separated by mature fat cells (Fig. 4) . Areas of hemorrhage and necrosis were seen even in small tumors (Fig. 3) .
Six of the 14 lipomas, although large enough to distort the outline of the kidney, retained the mature fat cell morphology. In general, the tumors tended to grow outward to replace a sector of the kidney.
Liposarcorria. Seven of the 2 1 tumors were classified as liposarcomas (4 in females and 3 in males). They were diagnosed at an average age of 102 weeks (92-1 07 weeks). The liposarcomas were seen grossly and commonly caused marked distortion of the kidney (Figs. 5 and 10). All extended beyond the limits of the capsule and four extended into the pelvis. They had a more heterogeneous population of cells than the lipomas. There werc mature fat cells of various sizes, and lipoblasts. The lipoblasts tended to grow in short sheets at the edges of the tumor and in a slightly radial pattern around some tubular structures (Fig. 6 ). Lipoblasts were signet-ring cells with a peripheral nucleus or were small cells with foamy eosinophilic cytoplasm and round or oval stippled nuclei with prominent nucleoli (Fig. 6 ). As in the lipoma, islands of tubules and glomeruli resulted from the growth of fingers of the fatty tissue. Some tubules were surrounded by a band of eosinophilic material that resembled basement membrane (Fig. 6 ).
Large cysts lined by tubular epithelium or Bowman's capsules and patches of mesenchymal-like tissue were common in liposarcomas (Fig. 7) . Occasionally, there were elongated spindle cells wrapped around isolated tubules (Fig.' 8) . Mitotic figures were seen but were not common. In some tumors the tubular epithelium was hyperplastic, with increased number of mitotic figures. The epithelium also had a degree of pleomorphism that could be 'interpreted as a malignant change (Fig. 9) . Several of the lipomatous tumors, including benign ones, had areas of hemorrhage as well as areas of necrosis (Figs. 3 and 5 ).
There were several main characteristics used to distinguish benign from malignant tumors. In ma- lignant tumors, there was a mixture of cell populations-Iipocytes, lipoblasts, and mesenchymal cells. These cells had moderate to marked cellular and nuclear pleomorphism. Liposarcomas frequently extended into the pelvis as well as through the capsule, whereas lipomas only extended to the capsule and were not seen in the pelvis. Although hemorrhagic and necrotic foci were not limited to liposarcomas, they were more common and prominent in liposarcomas than in lipomas. The pattern of growth was not different, that is in both lipomas and liposarcomas, fingers of fat cells separated normal components of renal parenchyma. Distant metastases occurred in only one of my cases and in another there was extension into the abdominal cavity. The lung metastases were seen in a rat with an unusual lipomatous tumor in a kidney (Fig.  10 ) that was about three times the size of the normal contralateral kidney. This tumor was unusual because of the prominent hyperplastic epithelial component in which long strands of epithelial lined spaces, several cell layers thick, reached deep into the fatty tumor (Fig. 11) . The smaller plumper lipoblasts were concentrated around the epithelial lined spaces whereas the signet-ring cell lipoblasts were more distant (Fig. 6 ). In the Iung, both the epithelial and fatty components embolized to large arteries (Fig. 12) . In smaller vessels, even though both components were present, it appeared that only the liposarcomatous part was actually invading the lung (Fig. 13) . DISCUSSION In Crain's report on spontaneous tumors in the rat, a renal lipomatous hamartoma was described with prominent reduplicated folds of pelvic epithelium, with part of the cortex and medulla replaced by fat that blended with the normal adjacent kidney (2) . No mention was made of alternate diagnostic categories nor was justification given for the diagnosis of hamartoma. In Gilbert and Gillman's publication on spontaneous neoplasms in albino rats, they noted one renal liposarcoma but gave no diagnostic criteria (4). In 1967, Snell reported on a number of different types of renal tumors in the rat and included a description of a hamartoma and a mixed tumor as part of the same mass. The mass was wedge shaped, extended through the full thick- ness of the kidney, and projected as a polypoid mass into the pelvis. The mass was comprised of fat that contained patches of mesenchymal-like tissue and cysts lined by flat epithelium. Blood, hemoglobin, arteriolar aneurysms, increased number of arteries and veins, and inflammation of vessels were seen. Tubules and thickened glomeruli were scattered throughout the fatty tissue and a thick layer of transitional epithelium covered the polypoid pelvic projection of the mass (1 1). Snell described three lipomas which were microscopic in size, 4 mm and 8 mm in diameter. Components other than mature fat cells were seen in two of the three and included hemorrhage, strands of connective tissue, cysts, and a small focus of mesenchymal-like tissue (1 1). Thus, it appears that tumors containing tissue elements other than fat cells alone were included in the term lipoma.
The origin of the fat cells in renal lipomas and liposarcomas is still unknown. Lipomas and liposarcomas seem to arise in the cortico-medullary area from the interstitial tissue which contains capillary endothelial cells, cortical interstitial cells, and a few macrophages (7) . The interstitial cells are elongated spindle-shaped cells with long thin processes and resemble inactive fibrocytes. Near arterioles the interstitial cells are plumper and are ultrastructurally more like active fibroblasts. Hard and Butler (7) established ultrastructurally that the primary cell type of the early DMN (dimethyl nitrosamine) induced mesenchymal tumor was a primitive fibroblasticcell that was identical to the spindle or stellate cells seen in well developed tumors. The common attendant vascular differentiation seemed to be the result of proliferation of capillary endothelial cells, although it was often impossible to distinguish the two cell types (7) . Hard pointed out that because of their mesenchymal nature and growth pattern, lipomas and liposarcomas could be thought ofas variants of the mesenchymal tumor. However, he also stated that there are well known chemical inducers of mesenchymal tumors in the rat kidney, yet none of these produce lipomas and liposarcomas. Also, most of the spontaneous mesenchymal tumors occur in rats less than 12 months ofage (7,8), whereas the lipomatous tumors occur in older rats.
Bennington and Beckwith (1) proposed that since human renal liposarcomas tend to arise in areas devoid of fat, the cells of the tumor may be derived from undifferentiated perivascular adventitial mesenchymal cells (1) . Hard noted that the lipomatous tumors of the rat kidney seem to differ from those in man only in that the rat tumors do not have smooth muscle (6). Pathologists have used descriptive diagnostic terms such as myolipoma or angiomyolipoma for the mixed lipomatous tumors of the human kidney. Although these tumors may not be analogous to those found in the rat kidney, perhaps veterinary pathologists should consider adding a prefix to the term lipoma if they think that the term by itself is inadequate to describe the lesion, rather than call it a hamartoma. From the references already noted, it is apparent that pathologists allow some diversity in cell components for the diagnostic categories of lipoma and liposarcoma (2, 4, 11). Many of the fatty tumors of the rat kidney have been called lipomas or liposarcomas. However, they are also called hamartomas and choristomas in the older literature, and by present day pathologists. A hamartoma is defined as a benign tumor-like nodule or an excessive focal overgrowth of mature normal cells and tissues that are normally found in the affected part; however, this nodule does not reproduce the normal architecture ofthe surrounding tissue (3, 9). Authors admit that the differentiation between hamartoma and benign neoplasm is difficult, especially in specific cases such as hemangiomas that are present at birth. A choristoma is a condition where normal cells or tissues are seen in abnormal locations. Choristomas have also been called aberrant rests and heterotopic tissue. Choristomas are rarely the origin of true neoplasms. The category one chooses here with respect to the renal lipomatous tumors depends on the opinion one holds on whether or not the fat cell is indigenous to the kidney.
It is proposed that the term hamartoma or choristoma not be used for these fatty tumors ofthe kidney and that they be considered either lipomas or liposarcomas for the following reasons: First, they occurred in animals with a median age of two years. Although this does not preclude them from being hamartomas one would expect to see such lesions in younger animals since hamartomas should not be restricted to old age. Second, lipomas and liposarcomas of the kidney are thought by some to be inducible (10); hamartomas are not thought of as inducible lesions. To avoid missing a carcinogenic effect, it is important to designate such masses as neoplasms because they are uncommon and inducible.
Depending on the distribution in the control and treated groups, more than two renal lipomas and/ or liposarcomas in a group of 100 rats could indicate a carcinogenic effect. If some of the lesions were diagnosed as hamartomas they would not be analyzed with the tumors. Similarly, lipidosis is an inappropriate name for even the smallest lipomas because lipidosis implies that lipid is laid down in pre-existing cells, whereas in these lesions the lip- CONCLUSION It is suggested that the lipomatous tumors arising in old CRCD rat kidneys be diagnosed as lipomas or liposarcomas rather than as lipidosis, post-inflammatory change, hamartomas, or choristomas. It should be recognized that they may contain significant components other than fat including stellate or spindle cells, dedifferentiated foci of primitive mesenchyme, blood vessels, and hyperplastic epithelial cells arranged in foci, long strands, or lining cyst walls. ACKNOWLEDGMENTS Special thanks to Cindra Gerges and Stephen Mast for photography and to Trudy Puchino for manuscript preparation.
